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VHQVRU QHWZRUN PDLQO\ FRQFHQWUDWHG LQ HQYLURQPHQWDO PRQLWRULQJ DQG SURWHFWLRQ PHGLFDO FDUH WUDIILF
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REMHFWLYH RI ZLUHOHVV VHQVRU QHWZRUN GHVLJQ $PRQJ WKH FOXVWHULQJ WHFKQRORJ\ LV RQH RI LPSRUWDQW PHDQV
ZKLFKFDQSURORQJWKHQHWZRUNVXUYLYDOLQWKHWRSRORJ\FRQWURODOJRULWKP>@
0RUHDQGPRUHFOXVWHULQJURXWLQJSURWRFROIRUHQHUJ\EDODQFHRI:61KDVEHHQSUHVHQWHGVRIDU/($&+>@
LVPRUH FODVVLF FOXVWHULQJ DOJRULWKPRIZLUHOHVV QHWZRUN WKDQRWKHUVZKRVH FOXVWHULQJ WKRXJKW H[HUWV D IDU
UHDFKLQJ LQIOXHQFHRQPDQ\FOXVWHULQJ URXWLQJDOJRULWKPSURSRVHG ODWHU)RUH[DPSOH/($&+&/($&+
)7((1+((' HWF ,Q /($&+ ZH XVH UDQGRPL]HG URWDWLRQ RI WKH FOXVWHU KHDG SRVLWLRQV WR EDODQFH WKH
HQHUJ\FRQVXPSWLRQRIQHWZRUNQRGHV%XWLWVVFDODELOLW\LVSRRUDQGWKLVSURWRFRORIIHUVQRJXDUDQWHHDERXW
WKH XQLIRUP GLVWULEXWLRQ RI FOXVWHU KHDG QRGHV /($&+&>@SURWRFRO VHOHFWV FOXVWHU KHDG QRGHV E\ JOREDO
LQIRUPDWLRQ%XWWKH%6QHHGVWRNQRZWKHFXUUHQWORFDWLRQRIHDFKQRGHDQGWKHFDOFXODWHGDPRXQWRI%6LV
KXJH+(('>@DOJRULWKPLV WRWDOO\GLVWULEXWHGZKLFKVHOHFWVFOXVWHUKHDGE\WKH LQWHUDFWLRQDPRQJ WKHQRGHV
DQGFRQVLGHUVUHVLGXDOHQHUJ\RIWKHQRGHLQWKHFOXVWHUKHDGVHOHFWLRQSURFHVV%XWWKHDOJRULWKPKDVDKLJK
RYHUKHDGRIFRQWUROPHVVDJHDQGLWFDQ¶WVXSSRUWLQJWKHPRELOHQRGHV
,Q WKLV SDSHU WKH FOXVWHULQJ PHWKRG>@LV DSSOLHG LQ WKH SURFHVV RI FOXVWHU RI ZLUHOHVV VHQVRU QHWZRUN
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ZKLFKXVHVJHQHWLFDOJRULWKPWRRSWLPL]HWKHIX]]\FOXVWHULQJDOJRULWKPIRUWKHLQLWLDOYDOXHVHQVLWLYHLVVXHV,W
FDQ IRUP WKH RSWLPDO FOXVWHULQJ IXUWKHUPRUH WR EDODQFH WKH QHWZRUN HQHUJ\ FRQVXPSWLRQ DQG LPSURYH WKH
SHUIRUPDQFHRIWKHQHWZRUN
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• &DOFXODWLQJWKHFOXVWHULQJFHQWHUXVLQJWKHIROORZLQJIRUPXOD
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• &DOFXODWLQJWKHREMHFWLYHIXQFWLRQDFFRUGLQJWRWKHIRUPXOD,IWKHREMHFWLYHIXQFWLRQLVOHVVWKDQD
WKUHVKROGRUWKHUHODWLYHYDOXHIXQFWLRQFKDQJHYDOXHODVWWLPHLVOHVVWKDQDWKUHVKROGWKHDOJRULWKPVWRSV
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*HQHWLFDOJRULWKP
*HQHWLF DOJRULWKP *$>@EDVHG RQ ELRORJLFDO HYROXWLRQLVP DQG JHQHWLFV LV D NLQG RI UDQGRP VHDUFKLQJ
PHWKRGGHYHORSLQJE\QDWXUDO VHOHFWLRQDQGHYROXWLRQDU\PHFKDQLVP ,WPDLQO\ LQFOXGHV WKUHHRSHUDWRUVRI
FKRLFH FURVVRYHU DQGPXWDWLRQ ZKLFK ERWK KDYH JOREDO DQG ORFDO EDODQFHG VHDUFK FDSDELOLW\ E\PHDQV RI
FURVVRYHUDQGPXWDWLRQ%HFDXVHRILWVVLPSOLFLW\FXUUHQF\DQGVWURQJUREXVWQHVVJHQHWLFDOJRULWKPLVXVHG
ZLGHO\LQRSWLPDOVFKHGXOLQJGDWDPLQLQJFRPELQDWRULDORSWLPL]DWLRQDQGRWKHUILHOGV
7KHVWHSVRIDOJRULWKPDUHDVWKHIROORZLQJ
• &KRRVLQJHQFRGLQJPHWKRGVDQGH[SUHVVLQJWKHIHDVLEOHVROXWLRQDVJHQRW\SHVWULQJVWUXFWXUHLQWKHJHQHWLF
VSDFH
• 'HILQLQJWKHILWQHVVIXQFWLRQI[
• &RQILUPLQJJHQHWLFVWUDWHJ\FKRRVLQJWKHQXPEHURILQLWLDOSRSXODWLRQVHOHFWLRQRSHUDWRUVFURVVRSHUDWRU
DQGPXWDWLRQRSHUDWRUFURVVSUREDELOLW\DQGPXWDWLRQSUREDELOLW\WKHHYROXWLRQWHUPLQDWHZD\
• ,QLWLDOL]LQJWKHSRSXODWLRQFDOFXODWLQJWKHILWQHVV
• (YROYLQJLQWRWKHQH[WJHQHUDWLRQJURXSE\WKHJHQHWLFVWUDWHJ\
• -XGJLQJZKHWKHULWVDWLVILHVWKHWHUPLQDWLRQFRQGLWLRQV,IWKHVWRSFRQGLWLRQLVVDWLVILHGWKHLWHUDWLRQHQGV
DQGWKHUHVXOWVFDQEHHQFRGHG2WKHUZLVHWKHV\VWHPUHWXUQVWR6WHSDQGUHSHDWWKHSURFHGXUHRILWHUDWLRQ
7KHFOXVWHULQJURXWLQJSURWRFRORI:61EDVHGRQJHQHWLFFOXVWHULQJDOJRULWKP
'HVFULSWLRQRIWKHDOJRULWKP
)LUVWO\ WKH SURWRFRO XVHV )&0 EDVHG RQ JHQHWLF FOXVWHULQJ DOJRULWKP *)&0 WR GLYLGH QHWZRUN LQWR
FOXVWHUVDQGVHOHFWFOXVWHUKHDGV7KHFOXVWHUKHDGRQO\DFFHSWGDWDIURPFOXVWHUQRGHVDQGWKHQVHQWLWWRWKH
EDVH VWDWLRQ DIWHU WKH GDWD IXVLRQ$IWHUZRUNLQJ IRU D SHULRGRI WLPH LQWR WKH QH[W URXQG F\FOH WKH FOXVWHU
VWUXFWXUHLVIL[HG$FFRUGLQJWRWKHSULQFLSOHRIVXUSOXVHQHUJ\VLWXDWLRQRIFOXVWHUQRGHVDQGWKHQHDUHVWUXOHLQ
GLVWDQFHIURPWKHFOXVWHULQJFHQWHUFOXVWHUKHDGVLVUHVHOHFWHG
7KHDOJRULWKPLVEDVHGRQWKHIROORZLQJFRQGLWLRQV
• 7KHQHWZRUNQRGHVDUHVWDWLF
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• 7KHJHRJUDSKLFDOSRVLWLRQRIQRGHVLVNQRZQDQGWKHQRGHVKDYHWKHSRZHUFRQWURODQGSRVLWLRQLQJ
IXQFWLRQ
• (DFKQRGHKDVHTXDOVWDWXVZLWKWKHVDPHSDUDPHWHUVDQGLQLWLDOHQHUJ\
• 1HWZRUNQRGHVFDQSHUIRUPIXOOGXSOH[FRPPXQLFDWLRQZKLFKHVWDEOLVKGLUHFWFRPPXQLFDWLRQZLWKWKH
EDVHVWDWLRQ
7KHVWHSVRIJHQHWLFFOXVWHULQJDOJRULWKP
• 3RSXODWLRQLQLWLDOL]DWLRQ:KHUHWKHVFDOHRISRSXODWLRQLVVL]HWKHPD[HYROXWLRQJHQHUDWLRQLVJ
FURVVRYHUSUREDELOLW\LV3FPXWDWLRQSUREDELOLW\LV3P7KHQXPEHURIFOXVWHUFHQWHULVNDQGJHRJUDSKLF
FRRUGLQDWHVRIHDFKFOXVWHUFHQWHULVVXSSRVHGDV[L\L7KHELQDU\GHFRGLQJJHQHWLFFKDLQRIJHRJUDSKLFDO
FRRUGLQDWHV[L\LWDQGHPVWRFRPSRVHWKHFKURPRVRPHZKLFKLVLQLWLDOL]HGILUVW
• 7KHIROORZLQJRSHUDWLRQLVPDGHRQWKHSRSXODWLRQ
DREWDLQLQJNLQLWLDOFOXVWHUFHQWHUVE\GHFRGLQJWKHFKURPRVRPHV
E&OXVWHUGLYLVLRQ
F6ROYLQJWKHFOXVWHUFHQWHUWKHPHPEHUVKLSPDWUL[DQGWKHILWQHVVRIWKHFXUUHQWGLYLVLRQ7KHRULJLQDO
FOXVWHUFHQWHUFDQEHUHSODFHGE\QHZFOXVWHUFHQWHUZKLFKLVFRGHGLQWRQHZFKURPRVRPH
G&DOFXODWLQJWKHILWQHVVE\WKHIRUPXODDFFRUGLQJWRWKHREMHFWLYHIXQFWLRQ
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• 6HOHFWRSHUDWLRQ6HOHFWWKHQH[WJHQHUDWLRQE\WKHSURSRUWLRQVHOHFWPHWKRGDQGHOLWLVWVWUDWHJ\DFFRUGLQJ
WRWKHILWQHVVRIFKURPRVRPH
• &URVVRYHURSHUDWLRQ7KHPHWKRGRIVLQJOHSRLQWFURVVRYHULVDGRSWHGWRSURGXFHWKHRIIVSULQJ
• 0XWDWLRQRSHUDWLRQ$FFRUGLQJWRWKHPXWDWLRQSUREDELOLW\3PWKH³QRW´RSHUDWRULVPDGHRQWKHYDULDQWV
• *LYHWKHLWHUDWLYHWLPHVWRWHUPLQDWHUXQQLQJJHQHWLFDOJRULWKPZKLFKLVWKHWHUPLQDWLRQFRQGLWLRQ,IWKH
WHUPLQDWLRQFRQGLWLRQLVVDWLVILHGWKHLWHUDWLRQHQGVDQGWKHFOXVWHUFHQWHUFDQEHHQFRGHG2WKHUZLVHWKH
V\VWHPUHWXUQVWR6WHSDQGUHSHDWWKHSURFHGXUHRILWHUDWLRQ
7KHVLPXODWLRQH[SHULPHQWDQGUHVXOWDQDO\VLV
:LWKPDQ\:61 VLPXODWLRQ WRROV0$7/$% LV DGRSWHG IRU SHUIRUPDQFH DQDO\VLV WR WKH SURWRFRO 
QRGHV DUH UDQGRPO\ SODFHG WKURXJKRXW WKH  Ph P DUHD VKRZQ LQ )LJXUH D 7KH EDVH VWDWLRQ
FRRUGLQDWHLVVXSSRVHGDVDQGWKHQXPEHURIFOXVWHUFHQWHUVLV7KHSULPDU\SRZHURIHDFKQRGHLV
-DQGQRGHLQIRUPDWLRQFRQVXPSWLRQWUDQVPLWWLQJELWE\WHVLVHTXDOWRWKHFRQVXPSWLRQDFFHSWLQJELW
E\WHV)RURXUH[SHULPHQWV(HOHF Q-ELW IVε  S-ELWP
 PSε  S-ELWPG P7KHVL]HRIGDWD
SDFNHWLVELW,QDGGLWLRQWKHSDUDPHWHUYDOXHPLQWKHIX]]\FPHDQVDOJRULWKPLV>@
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)LJD5DQGRPGLVWULEXWLRQRIQRGHVE&OXVWHULQJUHVXOWVRI:61
 
)LJD7KHFXUYHGLDJUDPRIQHWZRUNDOLYHQRGHVQXPEHUE7KHFXUYHGLDJUDPRIQHWZRUNVXUSOXVHQHUJ\
*HQHWLFFOXVWHULQJDOJRULWKPLVDGRSWHGWRFOXVWHUWKHQHWZRUNVKRZQLQILJXUHE)LJXUHDVKRZVWKH
FRPSDULVRQ EHWZHHQ /($&+ DQG *)&0 LQ WKH QXPEHU RI QRGHV DOLYH RYHU WLPH )LJXUH E VKRZV WKH
UHODWLRQRI QHWZRUN VXUSOXV HQHUJ\RYHU WLPH XVLQJ/($&+DQG*)&0)URP ILJXUHDZH FDQ VHH WKDW
QRGHVEHJLQWRGLHDIWHUQHWZRUNZRUNVURXQGVDQGDOOQRGHVGLHDIWHUURXQGVLQ/($&++RZHYHU
WKHQRGHVEHJLQWRGLHDIWHUQHWZRUNZRUNVURXQGVDQGDOOQRGHVGLHDIWHUURXQGV,QILJXUHEWKH
FKDQJHWUHQGRIWRWDOHQHUJ\SHUURXQGLQ*)&0LVVORZHUWKDQWKDWLQ/($&+7KHVLPXODWLRQUHVXOWVVKRZ
WKDWFRPSDUHGZLWK/($&+WKHDOJRULWKPSHUIRUPVPXFKEHWWHULQSURORQJLQJQHWZRUNOLIHWLPH
&RQFOXVLRQ
$Q(QHUJ\EDODQFHGFOXVWHULQJDOJRULWKPIRUZLUHOHVVVHQVRUQHWZRUNV LVSURSRVHGLQWKLVSDSHU*HQHWLF
FOXVWHULQJ DOJRULWKP LV XVHG LQ WKH FOXVWHU SURFHVVZLWK JHQHWLF DOJRULWKP WR RSWLPL]H WKH IX]]\ FOXVWHULQJ
DOJRULWKP ,W FDQ RYHUFRPH WKH SUREOHPV WKDW IX]]\ FOXVWHULQJ DOJRULWKP LV VHQVLWLYH WR LQLWLDO YDOXH WR
RSWLPL]H QHWZRUN FOXVWHULQJ7KH H[SHULPHQWDO UHVXOWV VKRZ WKDW FRPSDUHGZLWK /($&+ WKH SURWRFRO FDQ
HIIHFWLYHO\EDODQFHQRGHHQHUJ\FRQVXPSWLRQUHGXFHHQHUJ\FRQVXPSWLRQDQGH[WHQGWKHOLIHWLPHRIQHWZRUN

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